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December 18, 1996, now U.S. Patent No. 5,987,224, and 

U.S. Patent Application Serial No. 09/361,659, filed July 27, 1999, 
which is a continuation of 08/730,694, filed on October 11, 1996, which is a 
15 continuation-in-part of U.S. Application Serial No. 08/335,604, filed on 

November 8, 1994, now U.S. Patent 5,594,653. 

The contents of each of which are incorporated herein in their entirety 
by reference. 

BACKGROUND OF THE INVENTION 

20 Field of the Invention 

The present invention relates to a printer that executes a printing process 
based on commands and other data received from a host device, and relates 
specifically to a printer that interrupts the printing process until consumable 
materials that have been depleted are replenished and then executes a 
25 resume-printing process. 

Description of the Related Art 

The standard configuration for the data input/output device, host device, and 
printer in the point of sale or POS/ECR field has conventionally been an integrated, 
stand-alone system. In more recent years, however, faster data processing and more 
30 flexible system architectures have led to the development and wide-spread 
acceptance of distributed systems in which the data input/output device, host device, 
and printer are separated from each other and can be used in separate locations. 
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The printers used in such distributed systems are generally called "terminal 
printers." An example of a POS/ECR system using such a terminal printer in a 
restaurant or other food service business is described below. 

The printer used in this application is called a "kitchen printer." When the 
5 waiter or waitress receives a customer order and enters the order to a hand-held data 
entry device, the order is transmitted immediately to a host device and printed to 
hard copy by the kitchen printer located in the kitchen. This system helps prevent 
errors because the operator can process the information while viewing the print 
content, thereby facilitating the management and processing of goods sold. These 
10 benefits have led the way to similar systems being introduced in a variety of 
businesses. 

It is often the case, however, that cooking appliances, safes, or other relatively 
more important equipment be given priority in selecting installation space. This has 
increased demand for compact printers with a small footprint and space 

15 requirements, and compact printer designs necessarily limit the on-line availability 
of consumable printing materials, i.e., the size of the paper rolls that can be installed 
and the amount of ink in the ink cartridges. The host device is also usually located in 
a separate place due to restrictions in the operating environment. In addition, the 
printer typically prints large volumes of information, frequently resulting in 

20 consumable printer supplies being depleted while the system is in use. 

The amount of paper that is left on the roll is detected using a paper-out sensor 
that detects when there is no more paper on the roll and a near-end sensor that 
detects when there is httle paper left on the roll; and the amount of remaining ink 
left in the ink cartridge can be likewise monitored using a remaining-ink detector. 
25 When these consumable materials are depleted, the printing process is immediately 
stopped and the printer enters an off-line state in which additional print data cannot 
be received by the printer or storage of print data transferred to the printer is not 
assured. Loss of data sent from the host device is prevented in this case by notifying 
the host device that the printer is off-line. 

30 When the host device is notified that the printer is off-line, an indicator is 

flashed or a buzzer is sounded to notify the operator that some or all consumable 
materials need replenishing. Once the consumable materials have been replenished, 
an on-line switch is pressed either intentionally, by closing the roll paper cover or ink 
cartridge cover to notify the host device that the printer is again on-line and printing 

35 can be resumed. More specifically, the operator must restore the printer to the 
on-line state and resume the printing process after adding roll paper or replacing the 
ink cartridge by manually operating an on-line switch. Alternatively, when one of the 
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above covers is closed after replenishing the consumable materials, a cover sensor 
can detect that the cover is closed, restore the printer to the on-line state, and 
thereby enable resumption of the printing process. 

When the roll paper is replaced it may also be necessary for the operator to 
5 operate a paper feed switch to advance a torn or discolored roll paper leader before 
resetting the printer to the on-line state by operating the on-line switch. Depending 
upon the type of ink cartridge used, ink build-up around the ink nozzles from which 
the ink is ejected may cause failure in ink ejection. In such cases the operator must 
operate a switch after instalhng a new ink cartridge to flush out any ink build-up, 
10 and then restore the printer to the on-line state by means of the operation described 
above. 

While the above examples specifically address roll paper and ink cartridge 
depletion, similar problems occur with conventional thermal transfer printers that 
use a consumable ink ribbon. When the ink ribbon is depleted or nearly depleted, the 
15 printer goes off-line, and the operator must replace the ribbon and then restore the 
printer to the on-line state by means of an operation as described above. 

At the same time, however, demand for low cost and high reliability have 
driven the need to reduce the number of parts and components while maintaining 
functionality. This has led to a reassessment of the need for cover sensors and 
20 dedicated on-line switches as used for the operations described above. 

Technologies for eliminating such on-line switches and cover sensors has been 
disclosed in Japanese laid-open patent number H6-47992 (47992/94-). The method of 
this technology assumes that the ink or other consumable material is replenished 
within a known predefined period after the printer goes off-line, and automatically 
25 restores the on-line status when this period is up. 

The problem with this method is that the actual time required to replace the 
roll paper or other consumable materials varies according to the operator and the 
operator's familiarity with the printer, and it may be necessary or desirable to 
replace plural consumable materials at the same time, e.g., replace the ink cartridge 

30 at the same time as the roll paper. As a result, it may not always be possible to 
resume printing within a constant period of time. If printing is resumed before 
printing is actually possible, the information will not be correctly printed and print 
data may be lost. If this method is implemented with a kitchen printer as described 
above or cash register, loss of print data can result in business disruptions and 

35 problems. 
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Objects of the Invention 

Therefore, it is an object of the present invention to overcome the 
aforementioned problems. 

It is a further object of the present invention to providing a printer from which 
5 a dedicated on-hne switch and cover sensors are ehminated while retaining 
functionality, preventing printer data loss, and enabling restoration of the on-line 
state. 

Summary of the Invention 

To achieve the above objects, a printing apparatus according to the present 

10 invention uses a transport mechanism for transporting the print medium and a 
printing means for printing to the print medium, is configured to accomplish the 
printing process based on data received from a host device, and selectively switches 
between a first state assuring processing of the host data, i.e., an on-line state, and a 
second state in which processing the host data is not assured, i.e., an off-line state, 

15 and notifies the host device of the currently selected state. The printing apparatus 
accomplishes this by means of a consumable materials detection means such as a 
paper-end sensor or remaining-ink sensor to detect the consumption or absence and 
the replenishment or presence of consumable materials, such as roll paper and ink, 
consumed in the printing process; an operating means that can be manually operated 

20 and selectively accomplishes a first function, e.g., an on-line function, for 
commanding a transition from the second (off-line) state to the first (on-line) state, 
and a second function for specifying the process to be executed by the printing 
apparatus when the consumable materials are replenished, e.g., a paper feed 
operation or ink nozzle refresh operation; a first state transition means for causing 

25 the printing apparatus to go off-line based on the detection of consumption or absence 
of consumable materials by the consumable materials detection means; and a 
function selecting means for selecting the on-line function of the operating means 
based on the detection of replenishment or presence of consumable materials by the 
consumable materials detection means after the first state transition means causes 

30 the printing apparatus to go off-line. 

The first state is used herein in reference to the on-line state, which in the 
present invention means the state in which the printing process is executed. In a 
printing apparatus comprising internal data storage for receive data buffer, the data 
to be printed is read from the internal data storage and printed on the print medium 
35 in this state. In a printing apparatus not equipped with internal data storage, the 
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printing process executed in this state prints the data received from the host device 
directly on the print medium. 

The second state is used herein in reference to the off-line state, which is 
normally the state in which data transfers from the host device to the printing 
5 apparatus are stopped. When data is received in this state, print data is usually lost 
because any internal storage typically overflows or the print mechanism does not 
function. This state is therefore not necessarily a state in which data is not received 
from the host device. 

The depletion or replenishment states may also simply mean that the 
10 consumable material is or is not present, and the consumable materials detection 
means may therefore simply be sensors detecting whether or not the consumable 
materials are present. 

As a result, it is possible to provide a function, i.e., an on-line reset function, 
for restoring the printing apparatus to the on-line state when the operating means is 
15 operated after the operator replenishes the depleted consumable material when 
consumable materials consumed by the printing process are depleted and the 
printing apparatus goes off-line based on depletion detection by the consumable 
materials detection means. 

For example, a paper-end sensor can be used as the consumable materials 
20 detection means for detecting depletion of the consumable print medium, i.e., printer 
paper, and a paper feed switch can be used as the operating means. In this case the 
primary function of the paper feed switch, which is to advance the print medium, is 
the process to be executed by the printing apparatus when the consumable roll paper 
is replenished. This makes it possible when the roll paper or other print medium is 
25 depleted and the printing apparatus goes off-line for the printing apparatus to return 
on-line and continue the printing process normally once the operator replenishes the 
print medium and operates the paper feed switch. 

Selection of the on-line command function of the operating means in this case 
is preferably executed after waiting a predefined time from replenishment or 

30 presence detection by the consumable materials detection means. It is therefore 
possible to use the primary function of the operating means after the consumable 
materials are replenished, and replenishing the consumable materials can be more 
reliably accomplished. By operating the paper feed switch within a particular period 
in the above example, a paper feed operation can be executed, and the print medium 

35 can be easily and rehably accomplished. 
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It is further preferable in this case for the on-Hne command function to be 
selected after waiting a particular period after the last operation when the operating 
means is operated within a particular period. This makes it possible to eliminate the 
time-based constraints associated with using the primary normal function of the 
5 operating means after replenishing the consumable materials. This sequence makes 
it possible to avoid unintentional selection of the on-line state caused by the paper 
feed switch changing to the on-line command function while the print medium is still 
being advanced after replenishing the consumable materials to remove a damaged or 
discolored paper leader, for example. 

10 It is also possible to select the on-line state while selecting the normal primary 

function of the operating means after waiting a particular period from selection of the 
on-line command function of the operating means. When the operator does not have 
time to operate the operating means or forget it, this makes it possible for the 
operating means to automatically resume normal operation after waiting a 

15 particular period, and the printing apparatus can be returned on-line. 

After selecting the on-line function of the operating means in each of these 
cases, it is also possible to restore the on-line state based on particular command data 
which is processed immediately after received from the host device irrespective of the 
on-line or off-line state of the printing apparatus, i.e., real-time command data. It is 
20 therefore possible to restore the on-line state either manually or by command, and 
when the host device is remotely located the printing apparatus can be operated from 
any of the closer one of the printing apparatus and host device to the operator. 

The present invention can also be expressed as a control method for a printing 
apparatus with the same effects and benefits described above. 

25 Other objects and attainments together with a fuller understanding of the 

invention will become apparent and appreciated by referring to the following 
description and claims taken in conjunction with the accompanying drawings. 

Brief Description of the Drawings 

In the drawings wherein hke reference symbols refer to like parts. 

30 Fig. 1 is a perspective overview of a printer according to the preferred 

embodiment of the present invention; 

Fig. 2 is a cross sectional view of the printer mechanism used in the first 
embodiment of the present invention; 
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Figs. 3 A and 3B are a functional block diagrams of a printer according to the 
first, second and third embodiments respectively; 

Fig. 4 is a flow chart used to describe the operation of a printer according to the 
first embodiment of the present invention; 

5 Fig. 5 is a block diagram of the switch function selector in a printer according 

to the preferred embodiment of the present invention; 

Fig. 6 is a perspective overview of the printer mechanism used in an 
alternative embodiment of the present invention; 

Fig. 7 is a partially exploded view of the printer mechanism used in an 
10 alternative embodiment of the present invention; 

Fig. 8 is a flow chart used to describe the operation of a printer according to the 
alternative embodiment of the present invention; 

Fig. 9 is a flow chart of the control method of a further alternative embodiment 
of the present invention; 

15 Fig. 10 is a flow chart of the control method of the further alternative 

embodiment of the present invention; 

Fig. 11 is an overview of a printing apparatus used for describing a fourth 
embodiment of the invention; 

Fig. 12A and 12B are cross-sectional views illustrating the operation of the 
20 printing apparatus of the present invention; 

Fig. 13 is a cross-sectional review of the printing unit of the printing apparatus 
according to a preferred embodiment of the invention; 

Fig. 14 is a block diagram of the control circuit achieving the present 
invention; 

25 Fig. 15 is a functional block diagram used for describing the fourth 

embodiment of the invention; 

Fig. 16 is an example of the command used in the fourth embodiment of the 
invention; 

Fig. 17 is a flow chart of a control method applied by the printing apparatus 
30 according to the fourth embodiment of the invention; 

Fig. 18 is a flow chart of a control method applied by the printing apparatus 
according to a the fourth embodiment of the invention; 

Fig. 19 is a flow chart of a control method applied by the printing apparatus 
according to the fourth embodiment of the invention; 
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Fig. 20 is a flow chart of a control method applied by the printing apparatus 
according to the fourth embodiment of the invention; 

Fig. 21 a conceptual diagram of the data processing apparatus of the 
invention; 

5 Fig. 22 is a flow chart of a control method applied by a host computer using a 

printing apparatus according to a preferred embodiment of the invention; 

Fig. 23 is a flow chart of a control method applied by a host computer using a 
printing apparatus according to the fourth embodiment of the invention; 

Fig. 24 is a circuit block diagram of a control circuit achieving a fifth 
10 embodiment of the present invention; 

Fig. 25 is a circuit block diagram of a control circuit used to describe the fifth 
embodiment of the present invention; 

Fig. 26 is a flow chart showing the sequence of the fifth embodiment of a 
control method according to the present invention; 
15 Fig. 27 is a flow chart showing the sequence of the fifth embodiment of a 

control method according to the present invention; and 

Fig. 28 is used to describe the preferred command code used in the present 
invention. 

Description of the Preferred Embodiments 

20 The preferred embodiments of the present invention are described below with 

reference to the accompanying figures. 

First Embodiment 

Fig. 1 is a perspective view of a printer 2 according to the present invention. 
Printer 2 comprises, as shown in Fig. 2, a paper transportation mechanism for 
25 transporting the roll paper by means of a stepping motor (not shown) and paper 
transport rollers 7a and 7b, a print assembly for printing to the roll paper 10 by 
means of ink ribbon 17 and print head 9, and a conventional paper-end sensor 
comprising for example a photo interrupter, lever switch, or other detection 
mechanism. 

30 Referring back to Fig. 1, printer 2 further comprises a cover 11 to prevent the 

operator from accidentally touching the print assembly. Cover 11 can be opened by 
lifting up on the front edge near printer operating panel 16, thus rotating cover 11 up 
on a hinge (not shown) disposed at the opposite end and exposing the inside of the 
printer. An opening 12, through which the roll paper is ejected after printing, is 
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disposed in the middle of the cover 11. When printer 2 is used for printing receipts, a 
cut receipt is ejected from opening 12. 

Note that it is not essential for cover 11 to be connected to printer 2 by a hinge, 
and it is also possible to provide cover 11 in any manner allowing the cover 11 to be 
5 completely removed to open the printer 2. In this case it is further desirable to 
provide indents 11a in cover 11 on opposite sides of opening 12 and at approximately 
the center of gravity of cover 11 in the front-back direction. A recess lib is also 
provided in the side of printer 2 to facilitate replacing the ink ribbon 17. 

Printer operating panel 16 and power supply switch 13 are provided, for 
10 example, at the front of printer 2. Operating panel 16 is provided recessed from the 
front face of printer 2 to prevent accidental operation of the printer operating panel 
controls by the operator, and comprises a switch 14 that can be operated by the 
operator to advance the roll paper, and an indicator 15 used by the printer 2 to notify 
the operator of the current printer status. Note that while at least one light-emitting 
15 diode (LED) is used for indicator 15 in the present embodiment, the invention shall 
not be so limited and a liquid crystal display or other type of display may be 
alternatively used. A conductive rubber switch is also used as switch 14 in this 
embodiment, but the invention shall not be so limited as a variety of other 
push-button switches or momentary switches may be used. A power supply switch 13 
20 is also provided recessed from the front face of printer 2 to prevent accidental 
operation by the operator. 

Fig. 2 is a cross-sectional view of the roll paper printer used in the present 
embodiment. As shown therein roll paper 10 is already loaded into the print 
mechanism 3. Replenishing the roll paper is accomplished as follows. 

25 The leading edge 10a of roll paper 10 is inserted to paper supply opening 5 and 

slid along paper guide 4. When leading edge 10a reaches the position of paper-end 
sensor 29, leading edge 10a of roll paper 10 is detected. If switch 14 is operated after 
leading edge 10a has been detected by paper-end sensor 29, paper transport rollers 
6a, 6b and 7a, 7b rotate in the directions of the arrows. Paper transport rollers 6a, 6b 

30 thus grab leading edge 10a of roll paper 10, and the loading operation begins. When 
the paper has been advanced a predetermined distance, roll paper 10 passes between 
print head 9 and platen 18 and is set to the print position. The part of roll paper 10 
advanced outside of print mechanism 3 is cut off by cutter 19 disposed above the print 
mechanism 3. Note that idling roller 8 is also disposed in front of paper supply 

35 opening 5 to reduce the paper transportation load originating in the inertial moment 
of roll paper 10. 
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Fig. 3B is a block diagram describing in detail the functionality and operation 
of printer 2 of the present embodiment. The commands and print data 39 transmitted 
from host device 1 are received through a host interface 25 inside printer 2 of the 
present embodiment. The host interface 25 converts the received commands and 
5 print data 39 to the internal input data 38 format, and passes the internal input data 
38 to command interpreter 26. 

By interpreting internal input data 38, command interpreter 26 passes the 
real-time commands 36 to be executed immediately to control unit 28, and stores all 
other commands and the specific print data 37 to data buffer 27. Data buffer 27 is a 
10 first-in, first-out (FIFO) buffer from which the stored commands or print data 37 are 
output to and as requested by control unit 28 in the sequence in which they were 
received from command interpreter 26. 

Real-time commands 36 received from command interpreter 26 are given 
priority execution by control unit 28, but other commands and print data 37 are 

15 sequentially read from data buffer 27 and executed. Control unit 28 also arbitrates 
signal sending and receiving between print mechanism 3 and the printer operating 
panel 16 as may be necessary for command execution, and passes internal output 
data 33 to host interface 25 as necessary. The host interface 25 then converts this 
internal output data 33 to printer status data 40, and forwards the printer status 

20 data 40 to host device 1. 

Thus as described above, roll paper 10 is loaded to print mechanism 3, and the 
presence of roll paper 10 in print mechanism 3 is detected by paper-end sensor 29. 
The detection signal 31a output from paper-end sensor 29 is input to control unit 28, 
and a LOW detection signal 31a is used to indicate that no roll paper is loaded. 

25 The control unit 28 also supphes a paper feed signal 32 to instruct print 

mechanism 3 to advance the roll paper. When paper feed signal 32 is HIGH, roll 
paper transportation begins and continues until the paper feed signal 32 is LOW 
again. 

The switch signal 35 from switch 14 disposed in printer operating panel 16 is 
30 input to control unit 28, which selectively executes any of plural processes in 
accordance with the supplied switch signal 35. 

More specifically, when the printer 2 is on-line, control unit 28 operates print 
mechanism 3 to print to the roll paper based on the supplied print data and 
commands. When operation of switch 14 is detected, the function assigned to switch 
35 14 in that operating state is executed. When the end of roll paper 10 is detected by 
paper-end sensor 29, control unit 28 interrupts the printing process and therefore 
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stops reading data from data buffer 27 to control unit 28. To prevent data loss 
resulting from the host device 1 continuing to supply command and print data 
exceeding the storage capacity of data buffer 27 at this time, the printer 2 goes 
off-line to disable data receiving. This off-line status is thus posted to the host device 
5 1 using printer status data 40. 

Note that when in the off-line state command and print data 39 actually 
continues to be received and interpreted. However, the normal commands and print 
data 37 converted from command and print data 39 cannot be stored when there is no 
remaining capacity in data buffer 27, and will therefore be lost. Therefore, when host 
10 device 1 is notified that printer 2 is off-line, host device 1 stops sending command and 
print data 39 immediately, except for real-time commands 36, and any data 
transmitted thereafter must be separately stored. 

The process for replenishing the roll paper in printer 2 is described in detail 
below with reference to the flow chart in Fig. 4. 

15 When it is first detected at step S61 from paper-out signal 31 that there is no 

more roll paper loaded, control unit 28 switches to the off-line state in step S62. Both 
the printing process and reading commands and data from data buffer 27 are 
interrupted in this off-line state. To therefore prevent an overflow of data buffer 27, 
control unit 28 informs host device 1 through host interface 25 that printer 2 is 

20 off-line, and host device 1 thus stops sending data. If paper-out signal 31 is not 
detected, the roll paper replenishing process is terminated immediately, and the 
normal process, i.e., printing, continues. 

After an off-line state has been set in step S62, this off-line state is sustained 
until more roll paper 10 is loaded (step S63). When roll paper 10 is loaded and 
25 paper-out signal 31 determining that paper is present, the roll paper 10 loading 
process is executed in step S64. More specifically, control unit 28 sets paper feed 
signal 32 to the ACTIVE state, thus forcing print mechanism 3 to advance the paper 
a known distance. When this loading operation is finished, a timer tl is set in step 
S65. 

30 Note that this time tl is the period for which the function of switch 14 is set to 

a paper feed function, thereby enabling the operator to transport the roll paper while 
the printer is off-line. When the roll paper leader is discolored or damaged, this 
function enables the operator to advance and remove the damaged leader after 
loading the roll paper. 
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It is then checked in step S66 whether switch 14 was operated. If it was 
operated, a paper feed signal is output to print mechanism 3 in step S67 to further 
feed the paper. 

Because this paper feed operation requires a certain amount of time, the timer 
5 set to tl may be reset after the paper is advanced. The control sequence shown as (1) 
in Fig. 4 is the sequence in which timer tl is reset as above, i.e., is reset in step S68 to 
a new value t2 considering the time required for the paper feed operation. Control 
sequence (2) is the sequence whereby the timer is not reset, and sequence (3) is that 
in which the timer is reset to the same timer value tl. 

10 If the period measured by the timer is completed by step S69, the function of 

switch 14 is changed in step S71 to an on-line selector enabling the operator to set the 
printer on-Hne again. The timer is then set to time t3 in step S72, and whether switch 
14 was operated is checked in step S73. If switch 14 was pressed, control unit 28 
determines that the printer 2 was reset to a printing-enabled state, restores the 

15 printer 2 on-line in step S77, and resumes data processing and the printing process if 
data is still stored in data buffer 27. Resumption of the on-line state is of course also 
reported to the host device 1. In addition, it is meaningless to sustain the on-line 
selector function of switch 14 once the printer is on-line again, and the function of 
switch 14 is therefore reset to the normal paper feed function in step S76. 

20 It should be noted that if switch 14 must be pressed to restore the on-line state 

in the present embodiment, the printing process will not be resumed if the operator 
forgets to press the switch 14, and command and print data 39 are not sent from host 
device 1. This results in the entire data processing system containing host device 1 
remaining off-line even though replenishing the consumable materials in printer 2 

25 has been completed. The printer 2 is therefore also equipped with the functions 
described below. 

The first additional printer function is a real-time command function 
commanding recovery of the on-line state. This real-time command is referenced as 
the "on-Une recovery command" below. If the printer 2 determines that the received 

30 data is a real-time command as a result of data analysis by the command interpreter 
26 (an interrupt process circuit), the real-time command is supplied immediately to 
the control unit 28 even if unprocessed data is still stored in data buffer 27. The 
control unit 28 thus executes this real-time command immediately. It should be 
noted that the command interpreter 26 shall not be limited to an interrupt process 

35 circuit, and can also be achieved by means of a regular polling process, a process for 
detecting a request when a particular process is completed, and other circuits or 
processes that execute relatively frequently. 
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This on-line recovery command process is described below with reference to 
the flow chart in Fig. 4. It should be noted that when the on-Une recovery command is 
processed, a request flag for the on-line recovery process is set by control unit 28. The 
request flag is to be checked in step S75 of the control sequence shown in Fig. 4 

5 First, it is detected in step S69 whether it is time (i.e., the timer tl overflows, 

time Q below) to change the function of switch 14. It is assumed at time Q that the 
necessary loading and paper feed operations have been completed. If time Q has been 
reached, there is a high probability that replenishing roll paper 10 has been 
completed. Therefore, if the on-line recovery command input is detected by checking 

10 the request flag at or after time Q (step S75), printing is immediately enabled at step 
S77, and the on-line state is resumed. However, if the on-line recovery command is 
received before time Q, processing is paused until time Q (step S75), after which the 
same process is executed. It is therefore possible to reset the printer to an on-line 
state by means of a control command supplied from the host device 1 even if the 

15 operator forgets to press switch 14 after replenishing the paper. 

The second additional printer function is a time-out function. More specifically, 
if in the flow chart in Fig. 4 switch 14 is not operated (step S73) by time t3 (step S74) 
after time Q at which the function of switch 14 should be changed and the on-line 
recovery command input has not been detected (step S75), a printing-process-enabled 

20 state is automatically restored by resetting the printer on-line in step S77. It will be 
obvious that the function of the paper feed switch changes to a normal paper feed 
function (step S76) at this time. Note that time t3 must be of a duration sufficient to 
complete the roll paper replenishing task. This makes it possible to restore the 
printing apparatus to an on-line state after the replenishing task is completed even if 

25 switch 14 is not operated. 

It should be noted that the values for times tl, t2, and t3 may be set during the 
printer initialization process or by control commands from the host device 1. These 
times are measured using a timer integrated to the microprocessor in the present 
embodiment, and the respective processes are executed by issuing an event interrupt 
30 after a particular period of time. The invention shall not be so limited, however, and a 
time constant output from an integrator or differential circuit, or an NE 555 or other 
timer IC, may be alternatively used. The time can be set by setting a counter, by 
detecting the output of a D/A converter, or other known method. 

Fig. 5 is a block diagram used to describe how the function of switch 14 is 
35 changed. Changing the function of switch 14 is accomplished by switching signal 
selector 28c to selectively connect switch signal 35 to on-line signal generator 28a or 
paper feed signal generator 28b, and by applying switched-function selector signal 34 
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controlling to which signal generator 28a or 28b the switch signal 35 should be 
connected. When switch 14 is pressed and a LOW level signal is input to the input 
buffer 14a, an inverted signal, i.e., a HIGH signal, is output from input buffer 14a as 
the switch signal 35. Switch signal 35 is then supplied by signal selector 28c to 
5 on-line signal generator 28a or paper feed signal generator 28b according to the 
switched-function selector signal 34. 

More specifically, this is accomplished by changing the interpretation of the 
switch signal 35 in control unit 28. Control unit 28 is achieved with a microprocessor 
in the present embodiment, and changing the function of switch 14 is enabled by 

10 determining in the program processed by the microprocessor whether the state of the 
input port to which switch signal 35 applied specifies a paper feed operation or a shift 
to an on-line state. Alternatively signal selector 28c may be comprised of a data 
selector of common design to which the switched-function selector signal 34 from the 
microprocessor is supplied as the selector signal. In this case the data selector 

15 outputs are connected to corresponding microprocessor input terminals, and are used 
as signals requesting the specific functions. 

Second Embodiment 

While the first embodiment has been described using paper-end sensor 29 to 
detect the presence of a specific consumable material, i.e., roll paper 10, the present 
20 invention shall not be so limited. It is also possible to use a near-end sensor to detect 
a particular remaining amount of roll paper 10, a ribbon sensor to detect how much 
ink ribbon remains, or a remaining ink detector to detect how much ink remains in 
the ink cartridge of an ink jet printer. 

Replacement of the ink cartridge is described next below by way of example as 
25 another consumable material. Note that further description of steps identical to 
those used in the roll paper replenishing process is omitted below. 

The print mechanism of the present embodiment is designed to print to roll 
paper using an ink jet head disposed at the end of the ink cartridge. A remaining-ink 
sensor for detecting how much ink is left in the ink cartridge is disposed in proximity 

30 to the ink cartridge. Note that the remaining-ink sensor of the present embodiment 
uses a pair of electrodes disposed to the ink path inside the ink cartridge to detect the 
resistance between these electrodes. The invention shall not be limited to this sensor 
type, however, and other sensors may be used, including infrared sensors whereby an 
infrared beam is emitted to a reflector placed on the ink bag containing the ink and 

35 the reflectance is detected to determine how much ink is left through an amount of 
the deformation of the ink bag. 
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Fig. 6 is an overview of the print mechanism 103 used in the printer 2 of the 
present embodiment. The roll paper or other recording medium is transported by 
paper feed unit 104 to the ink cartridge 118 and print head unit. The ink cartridge 
118 is transported by carriage 117 and moves in the direction perpendicular to the 
direction of roll paper transport. It is therefore possible to print to the entire width of 
the recording paper. Note that this movement is accomplished by transferring the 
rotation of carriage motor 120 to carriage 117 via belt 123. 

Ink cartridge 118 is replaced by operating replacement lever 119. More 
specifically, by moving replacement lever 119 toward the right side of the paper, 
carriage 117 and ink cartridge 118 are disengaged, and ink cartridge 118 can thus be 
easily removed by the operator. After then setting a new ink cartridge 118 to a 
particular location on carriage 117, the replacement lever 119 is returned to the 
original engagement position to re-engage ink cartridge 118 and carriage 117. 

Plural electrical signals are supplied from the printer control circuit to print 
mechanism 103 via cables 121 and 122. Cable 121 includes wiring to fixed 
components of the print mechanism 103, including the carriage drive system location 
sensors (not shown in the figures) used to detect the print timing of the carriage 
motor 120, for example. Flexible cable 122 contains the wiring for the ink jet head 
(cartridge) 118 and remaining-ink sensor (not shown in the figure) mounted on the 
carriage. Note that wiring to the carriage must use a flexible cable 122 because the 
carriage travels perpendicularly to the direction of paper transport. 

Fig. 7 is a partially exploded view of the print mechanism 103 and paper feed 
unit 104 of the present embodiment. As described above print mechanism 103 and 
paper feed unit 104 are connected via a drive shaft 124 whereby the drive force for 
the paper feed unit 104 is transferred from the carriage motor 120. However, a gear 
set used for intermittent paper feeding is provided on the paper feed unit side to 
advance the paper in line increments. More specifically, the paper is not advanced 
until the carriage has traveled a one-line equivalent, after which the paper is 
advanced one line between the completion of one line and the beginning of the next 
line. 

The ink jet head is provided at the one end of the ink cartridge 118 with plural 
ink nozzles 118a exposed. To adjust the relationship between the nozzle pitch (the 
distance between ink nozzles) and the dot pitch (the distance between the ink dots in 
the direction of paper travel), the ink jet head is not arrayed parallel to the direction 
of paper travel but at a specific angle thereto. 
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Fig. 3A is a block diagram used to describe the functions of this printer 2 and is 
the same as the block diagram (Fig. 3B) referenced above, and further description of 
the common elements thereof is omitted below. 

As described above, print mechanism 103 comprises an ink cartridge 118 and 
5 remaining-ink sensor 129. The amount of remaining ink is detected in this 
embodiment by measuring the resistance between two electrodes disposed in the ink 
path inside ink cartridge 118, and the remaining-ink sensor 129 therefore 
corresponds to these electrodes. Note that the circuit for detecting the remaining ink 
level based on the resistance between these electrodes can be achieved using various 
10 known methods, including a constant current circuit converting this resistance to a 
voltage and a comparator for comparing the converted voltage with a known voltage 
value. Remaining ink detection signal 131 from the remaining-ink sensor 129 is 
input to control unit 28, Though the ink detection signal 131 is then digitized by the 
circuitry described above in the present embodiment, it should be noted that the ink 
15 detection signal 131 may be generated as a digital signal by the remaining-ink sensor 
129. 

The print mechanism 103 also flushes ink nozzles 118a according to a refresh 
signal 132 from control unit 28. More specifically, when refresh signal 132 is HIGH, 
the carriage is moved to a position suitable for refreshing the nozzles, and the nozzles 
20 are flushed until refresh signal 132 becomes LOW again. 

The ink cartridge replacement operation of printer 2 according to the present 
embodiment is described next with reference to Fig. 8. This operation is substantially 
identical to the roll paper rep operation described above, and only the differences are 
therefore described below. 

25 Because ink cartridge 118 is carried on carriage 117 in the present 

embodiment, it could be dangerous to commence the refresh operation immediately 
after (step S83) ink cartridge replacement is detected. This is because it is not 
possible to detect whether the operator has removed his hand from ink cartridge 118. 
Unlike the replenishing operation described above, printer 2 therefore does not begin 

30 the refresh operation at this time. 

The number of times the nozzles are flushed in the first refreshing operation 
after the ink cartridge is replaced is preferably greater than the number of times the 
nozzles are flushed in response to refresh operations initiated by operating a switch. 
Even with new ink cartridges the ink in the nozzles is often highly viscous, and more 
35 flushing operations are therefore required to adequately refresh the nozzles. This 
also helps prevent increasing the ink volume that must be ejected from the nozzles 
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for normal refresh operations initiated by operating a switch. It is also possible to 
continue flushing the nozzles for as long as the switch is depressed, thereby enabling 
the operator to control how much ink is ejected from the nozzles during each refresh 
operation. 

5 Once the operator presses switch 14 after replacement of ink cartridge 118 has 

been detected in this embodiment, it is determined that the operator is also ready 
and the first refresh operation is started. Flushing is also repeated in response to 
operation of switch 14 until timer tl overflows. 

Third Embodiment 

10 As described above, the present invention provides for a printer that goes 

off-line when the remaining amount of selected consumable materials is detected by 
means of sensors to have dropped below certain levels an effective method and 
apparatus for informing the printer without using dedicated switches that the 
depleted consumable materials have been replenished. It will also be obvious that 

15 those skilled in the related art can by making the necessary adaptations to the first 
and second embodiments described above apply the present invention to all 
consumable materials used by such a printer. 

The processes executed when it is detected that consumable printer parts or 
supplies are depleted or nearly depleted have been described above, but it should be 

20 noted that the following problems may occur depending upon the operating 
environment and field of application when a dedicated cover opening sensor and 
switch for selecting the on-line or off-line state are eliminated. More specifically, 
when a problem that cannot be evaluated by the printer occurs or the wrong print 
data is sent to a printer from which such dedicated controls are eliminated, cutting 

25 off the power supply to the printer is the only way to stop the printing operation of 
the printer. When the power is thus turned off, however, all commands and print 
data already sent to and stored in the printer will be lost. The embodiment of the 
invention described below therefore relates to an effective apparatus and method 
whereby the printing process can be interrupted without turning the printer power 

30 off. 

This problem is resolved in the third embodiment by selectively changing, 
according to the status of the printing apparatus, the function of the paper feed 
switch, which is normally used to force the printing apparatus to advance the 
recording paper. More specifically, once the printer starts a printing process the 
35 paper feed switch, refresh switch, and other operator switches are not used until the 
printing process is completed. It is therefore possible during this time to change the 
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function of these switches to on-line/off-line selector switches. When one of these 
switches is operated after the printing process starts in the present embodiment, the 
control unit that controls the printing process changes the printer status from on-line 
to off-hne, interrupting the printing process and resulting in a state in which storing 
5 the received data is not assured. 

The construction of printer 2 of this embodiment is substantially identical to 
that of the first embodiment. Only the differences between the first and present 
embodiments are described below. 

First, plural LEDs 15 constituting an LED group are provided to display the 
10 plural operating states of the printer as described below. The on/off state of these 
LEDs 15 is controlled by control unit 28, which also controls the printing process. 

A print buffer 228d for storing one line of bit-mapped data converted for 
printing from the print data read from data buffer 27 is also provided in control unit 
28. The bit-mapped data stored in print buffer 228d is read in the array sequence of 
15 the printer elements of print head 9, and is deleted after being read. Storing data to 
print buffer 228d is accomplished parallel to the paper feed, carriage return, or 
similar operation executed after printing one line is completed. This means that the 
printing apparatus is either in the process of printing one line or is prepared and 
standing by to print one line if data is stored in print buffer 228d. 

20 The control method of the printing apparatus according to the present 

embodiment is described next with reference to the flow chart in Fig. 9, 

At step S210 printer 2 performs the standard printing process initialization 
procedure and any other process normally executed thereafter. At step S211 the 
printing apparatus goes on-line and stands by to receive data. When no data has been 
25 received and is stored (step S212) and when switch 14 is operated at this time (step 
S223), the recording paper is advanced a particular distance or time corresponding to 
the period or number of times the switch is pressed (step S224). 

When the printing apparatus begins receiving data, (step S212) the data in the 
receive buffer is converted to bit-mapped data and stored to print buffer 228d. When 

30 all of the data needed to print one line has been buffered, the printing process starts 
at step S213. It should be noted that a memory area with capacity to store one line of 
bit-mapped data is used for print buffer 228d in the third embodiment because the 
printer of this embodiment is assumed to be a so-called serial printer. The invention 
is also appHcable to page printers, however, in which case the capacity of print buffer 

35 228d is simply increased to store the bit-mapped data for one page. 
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If switch 14 is not operated at step S214, it is determined in step S215 whether 
the next line of print data is stored to print buffer 228d. If there is no data in print 
buffer 228d, it is determined whether any unprocessed print data remains in the 
receive data buffer 27 at step S216. If unprocessed print data is in the receive data 
buffer 27, the printing process is continued (step S213). If there is no unprocessed 
print data, the printing process stops at step S217. The procedure then loops back to 
step S212 and the printing apparatus again awaits data from the host device. 

If switch 14 is operated during the printing process (step S214), printer 2 
processes the switch signal as an emergency stop command and goes off-line at step 
S220 to block receiving print data. The printing process is also interrupted at step 
S221, the data already stored in print buffer 228d and receive data buffer 27 is 
protected (step S222), and printer 2 then waits for cancellation of the printing process 
interrupt from step S225. 

Whether switch 14 operates as a paper feed switch or an on-line/off-line 
selector switch is determined in the present embodiment by whether any data is 
stored in receive data buffer 27. More specifically, the function of switch 14 is 
changed simultaneously to the start of data receiving from the host device 1 at step 
S212. 

If printer 2 has been stopped by the operator in the middle of a printing 
process, it is possible in the present embodiment to resume the interrupted printing 
process using switch 14, After waiting a particular standby period in step S225, 
printer 2 checks operation of switch 14 again in step S226. If switch 14 is operated, 
printer 2 determines that the problem has been corrected and resumes printing with 
entering the on-line state at step S237. 

Note that a printing process in progress can be canceled by host device 1 
issuing a real-time command to clear print buffer 228d and receive data buffer 27. To 
enable this, printer 2 checks in step S227 for operation of switch 14 while 
simultaneously checking for input of a real-time command commanding cancellation 
of the printing process. If this real-time command is input, a process for clearing the 
designated buffers is executed at step S218, and the on-line status is entered at step 
S219. While printer 2 waits for a printing process cancellation command it also 
monitors the passage of the particular standby period set in step S225 (step S228). If 
this standby period elapses, an error is announced by, for example, sounding a buzzer 
or lighting one of the LEDs included in an indicator 15 or other display means in step 
S229, 
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In the third embodiment operation of switch 14 during the printing process is 
monitored in step S214 following the one-line printing process in step S213, The 
present invention shall not be so limited, however, and an interrupt process or other 
known means can also be used to monitor switch operation within and parallel to the 
printing process. 

The operator performing the particular operations of the third embodiment 
should be aware of the current printer status, but other operators may not be 
similarly aware of the current printer status. More specifically, it is difficult to know 
whether the printing apparatus is stopped because of an interrupted printing process 
or because the printing apparatus is waiting for data. This problem can be resolved 
by adding the control apparatus and method described below. 

Fig. 10 is a flow chart of the control method implemented in the control unit 28 
of printer 2 according to the present invention. Like process steps are identified by 
like step numbers in Figs. 9 and 10, and further description thereof is thus omitted 
below. 

If switch 14 is operated at step S230 while waiting for data in step S212, the 
printer 2 goes off-line in step S231, a timer is set to measure a known period, and the 
next switch operation is awaited. If switch 14 is operated in step S232, the paper is 
advanced a particular distance according to the switch operation (step S233), and the 
timer is reset (step S236). This keeps the printer off-line for as long as the paper feed 
operation is continued. However, if there is no switch operation after waiting a 
particular period (step S234), the on-line status is automatically restored in step 
S235. The present embodiment thus differs from the above embodiment in that the 
printer waits for a paper feed command after going off-line from an on-line state. 

To distinguish between an emergency stop and a paper feed wait state, 
indicator 15 on the operating panel may contain a plurality of LEDs. These LEDs are 
controlled to indicate the appropriate printer status. To accomplish this, the LED 
states may be defined as follows by way of example only. 

LEDl, on power switch ON 

blinking emergency stop state 
LED2, on on-line state 

blinking off-line, waiting for paper feed 
LED3, on consumable materials depleted 

blinking waiting for on-line state after replenishing consumable 

materials 
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Operation of indicator 15 is controlled by control unit 28. It should be noted 
that LED blinking can be achieved by means of various known methods, including 
using a timer interrupt function, for example, built in to the microprocessor 
constituting control unit 28, and specific description thereof is therefore omitted. The 
5 LED controls states accompUshed by control unit 28 in the flow charts in Fig. 4, Fig. 
9, and Fig. 10 are therefore as described below in the present embodiments. 

In Fig. 4, step S62, LED2 is off and LED3 is on; LED3 is then off in step S64, 
blinking in step S71, and off in step S76; and LED2 is on in step S77. 

In Fig. 9, LEDl is on in step S210; LED2 is on in step S211, on in step S219 
10 and S237, and off in step S220; LEDl is blinking in step S221, and if it is detected in 
step S226 that switch 14 was operated, LEDl is on in step S226. 

In Fig. 10 LED2 is blinking in step S231, and is on in step S235. 

By thus differentiating the LED display states, the operator can quickly 
determine the operating status of printer 202 at a glance. 

15 It is therefore possible by means of the control apparatus and method 

described above for a single switch to be selectively used for two functions, e.g., to be 
used as a paper feed switch and as an on-line/off-line selector switch, and operating 
errors can be prevented. 

It will be obvious that the printer according to the present invention shall not 

20 be limited to a serial printer 2 as described above, and the invention can also be 
applied to parallel printers. The control method of the invention shall also not be 
limited to consumption of roll paper as described above, and can be adapted to detect 
consumption of all types of consumable materials, including detecting the service hfe 
of ink ribbons used in dot impact printers and thermal transfer printers, and 

25 detecting ink consumption in ink jet printers. 

By eliminating the need for dedicated on-line switches and cover sensors to 
restore the printer to an on-line state as described above, the present invention is 
able to reduce printer size, lower printer cost, and improve printer reliability. It is 
also possible by means of the invention to appropriately reset the printer to an 
30 on-line state even if an on-line selector switch is not operated once a sufficient period 
has passed since the consumable materials were replenished. 

It is also possible to prevent operating errors and achieve reliable operation by 
means of a display for appropriately displaying the printer status associated with a 
switch operation. 
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Fourth Embodiment 

A fourth embodiment of the invention is described below with reference to the 
accompanying figures. 

In general, recording paper used in the distribution industry is either 
cut-sheet or continuous paper. Cut-sheet paper includes irregularly sized, individual 
voucher forms called slip paper, and multiple-part individual voucher forms, called 
validation paper, of a relatively regular size. Continuous paper includes journal 
paper for printing and storing store records, and receipt paper used for simple 
receipts. 

Fig. 11 is an overview of a printing apparatus capable of printing on slip-, 
journal-, and receipt-type recording paper. 

As shown in Fig. 11, this printing apparatus comprises printer head 501, 
which is typically a so-called "wire dot head" comprising plural wires arrayed in a 
vertical hne; and ink ribbon 503. Printer head 501 prints while being driven in a 
reciprocal motion as indicated by arrows 501A and 501B. 

Receipt paper 517 and journal paper 518 are inserted from the back of the 
printer mechanism in roll form, and are fed out from the top as shown in the figure. 
Shp paper 519 is inserted from the front of the printer mechanism (arrow 519A), and 
similarly fed out from the top (arrow 519A). 

Near-end detector 520 for detecting the end of the receipt and journal paper is 
also provided. Near-end detector 520 comprises a near-end detecting lever 520a, 
which is pushed out in the direction of arrow 520A by the outside diameter of the roll 
paper, and a push switch 520b, which is turned on/off by near-end detecting lever 
520a. The outside diameter steadily decreases as the end of the roll paper 
approaches, and when the core of the roll paper is reached, near-end detecting lever 
520a rotates in the direction of arrow 520B. This causes push switch 520b to switch 
OFF, thus detecting the near-end of the paper. 

After printing is completed, receipt paper 517 is cut by cutter unit 514, and can 
be handed to the customer. 

The printing apparatus is covered by a housing not shown in the figures; this 
housing comprises a cover that is not shown and lower case 515. Cover detector 521 
is an opposed-type photodetector, so called photo-interrupter. When the cover is 
closed, the beam from cover detector 521 is interrupted, and the cover can be detected 
to be closed. 

Figs. 12A and 12B are cross-sectional views illustrating the operation of the 
printing apparatus of the present invention during printing to continuous and 
cut-sheet paper. Fig. 12A shows printing on continuous paper (receipt paper in the 
figure); Fig. 12B shows printing on cut-sheet paper (slip paper). 
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The wire pins (not shown in the figure) of printer head 501 are provided in 
wire holder 501a for printing through ink ribbon 503 to receipt paper 517 against 
platen 502. 

Receipt paper 517 is fed by transport rollers 506a and 506b passed guide roller 
5 505 and between paper guides 504a and 504b. The one transport roller 506a is 
connected to a motor or other drive power source (not shown in the figures). 

Receipt paper detector 512 is a photo-interrupter, lever switch, or other 
detecting means positioned in the middle of paper guides 504a and 504b; receipt 
paper detector 512 is shown as a photo -interrupter in Fig. 12A. 
10 When transported by transport rollers 506a and 506b, receipt paper 517 

passes between ink ribbon 503 and platen 502, through presser rollers 507a and 507b 
and cutter unit 514, and is fed out from the top of the printing apparatus. Cutter unit 
514 comprises cutter blade 514a and cutter cover 514b; cutter blade 514a is driven in 
the direction of arrow 514A by a motor or other drive power source to cut receipt 
15 paper 517. 

It is to be noted that while receipt paper is shown in the figure, the mechanism 
used for journal paper is the same except for the cutter unit. 

When slip paper is printed (Fig. 12B), slip paper 519 is inserted from slip 
paper insertion opening 522 at the front of the printing apparatus in the direction of 

20 arrow 519A. During roll paper printing, slip feed roller 509a is pulled in the direction 
of arrow 510A by plunger 510 as shown in Fig. 12A, and is thus separated from the 
opposing slip transport roller 509b. As a result, it is possible to insert slip paper 519. 
When slip paper 519 is inserted, slip paper 519 passes between slip paper guides 
511a and 511b and abuts slip transport rollers 508a and 508b. Whether slip paper 

25 has been inserted is detected by slip paper detector 513. If paper has been inserted, 
plunger 510 is released and lever 510a moves in the direction of arrow 510B, thus 
causing slip paper 519 to be held between slip transport rollers 509a and 509b. 

Slip transport rollers 508b and 509b are connected to a motor or other drive 
power source not shown in the figures, and slip paper 519 is transported as slip 

30 transport rollers 508b and 509b and the opposing slip transport rollers 508a and 
509a rotate in the direction of arrows 508B, 508A, and 509B, 509A respectively. 
When printing is completed, slip paper 519 is fed out in the direction of arrow 519A, 
plunger 510 is driven to separate slip transport roller 509a from slip transport roller 
509b, and the next slip paper form can be inserted. 

35 Printing on slip paper 519 is possible with receipt paper 517 loaded as shown 

in the figure, and if carbon paper is added to slip paper 519, the same information can 
be simultaneously printed on both slip paper 519 and receipt paper 517. 
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Note that slip paper detector 513 is a photo-interrupter similar to receipt 
paper detector 512. 

Also shown are lower case 515 and case 516 supporting the head assembly. 

Fig. 13 is a cross-sectional view of the printing unit of the printing apparatus 
according to one embodiment of the invention. 

The method of detecting a loss of synchronism in the head carriage drive motor 
is described with reference to Fig. 13. 

Printer head 501 is fixed on head carriage 501b together with wire holder 501a. 
Head carriage 501b is driven reciprocally side to side by carriage transfer belt 532 
and carriage drive gears 531a and 531b; carriage drive gear 531a is connected to a 
head carriage drive motor not shown in the figure. This motor is normally a pulse 
motor, and is a pulse motor in this embodiment. Carriage drive gear 531a drives 
rotating detector plate 534 via transfer gear 533. Rotating detector plate 534 is 
positioned so as to interrupt the detection beam of carriage detector 535, which is 
also a photo-interrupter. Carriage detector 535 detects the rotation of rotating 
detector plate 534 cause by the movement of head carriage 501b. 

Note that rotating detector plate 534 is propeller-shaped, and when it rotates, 
the output of carriage detector 535 switches on/off on a regular period. More 
specifically, when head carriage 501b is driven reciprocally by the head carriage 
drive motor (not shown in the figure), the movement of head carriage 501b is detected 
by carriage detector 535. 

If the receipt paper, journal paper, or slip paper between printer head 501 and 
platen 502 is wrinkled and caught between wire holder 501a and platen 502, a paper 
jam occurs. As a result, head carriage 501b no longer tracks rotation of the carriage 
drive motor, and the carriage drive motor loses synchronization. This loss of 
synchronization is detected by carriage detector 535, and indicated as a "carriage 
error." 

A "home position" for printer head 501 is needed to determine a reference point 
for the print position. Home position detector 536 is also a photo-interrupter for 
detecting head carriage 501b. More specifically, when head carriage 501b moves to 
the left, the position at which the light beam from home position detector 536 is 
interrupted is the reference point for the home position. 

When printer head 501 moves toward the home position, home position 
detector 536 can detect if printer head 501 does not reach the home position due to a 
paper jam or other factor. A home position error occurs when printer head 501 
cannot be returned to the home position. 

A circuit block diagram of the control circuit achieving the present invention is 
shown in Fig. 14. 
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The mechanism of the printing apparatus of the invention as described above 
is represented as print head 540, motor group 541, and plunger group 542 in Fig, 14; 
this printer mechanism is driven by printer mechanism drive circuit 543. The 
printer mechanism also comprises carriage detector 544, home position detector 545, 
automatic cutter detector 546, paper detectors 547, and cover detectors 554, each of 
which is connected to central processing unit (CPU) 550. 

Automatic cutter detector 546 detects the position of cutter blade 514a (Fig. 
12), drives the cutter blade drive motor (not shown in the figures), and generates the 
detector signal at a predetermined position. If a paper jam occurs in the cutter blades, 
the cutter blades will not move to the specified position, the detector signal will not 
be output, and an error is reported. This error is called a "cutter error." 

Paper detectors 547 include near-end detector 520 (Fig. 11), and receipt paper 
detector 512 and slip paper detector 513 (Fig. 12). 

Also connected to CPU 550, which controls the entire printing apparatus, are 
display device 548, typically an LED unit; panel switch 549 for manually advancing 
the paper; interface 551 for communications with the host computer; ROM 552 for 
storing the control program, print character patterns, and other static information; 
and RAM 553 providing the receiving buffer, print buffer, and other data buffers. 

When print data is input from interface 551, the data is stored to the receiving 
buffer of RAM 553, and CPU 550 interprets the data, reads the character patterns 
corresponding to the data code from ROM 552, and drives print head 540, motor 
group 541, and plunger group 542 by means of printer mechanism drive control 
circuit 543 to print. 

When a carriage error, home position error, cutter error, or other error occurs, 
CPU 550 can drive display device 548 to notify the user that an error has occurred. 

Fig. 15 is a functional block diagram showing the overall mechanism of the 
invention, and the relationships between the various functional means. 

Host computer 561 transmits the command data, print data, and other 
information to the printing apparatus. Data receiving means 562 receives the data 
codes from host computer 561 through interface 551, and is realized as an interrupt 
sequence activated by interface 551. 

Real-time command interpreting means 564 interprets and executes the 
received data at the same time it is received, and the process is executed during the 
interrupt sequence together with data receiving means 562. Real-time command 
interpreting means 564 determines whether the received data is a real-time control 
command, and executes the specified process based on the command if the received 
data is determined to be a real-time control command. 
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Both real-time command interpreting means 564 and data receiving means 
562 are realized by a microprocessor in the embodiment. The microprocessor 
functions are both real-time command interpreting means 564 and data receiving 
means 562 during the interrupt sequence. When the host system sends data to the 
printer, the interrupt sequence starts. The microprocessor receives the data in the 
former part of the interrupt sequence, and then it starts interpreting the data in the 
latter part of the sequence. 

All received data passed through real-time command interpreting means 564 
is stored temporarily in receiving buffer 565. The received data buffered to receiving 
buffer 565 is read one at a time by command interpreter 566, interpreted, and 
separated into print data and command data for controlling the printing apparatus. 
Command data is applied by control means 568 to execute the settings or operations 
corresponding to the command code. Print data is used to store the character 
patterns corresponding to the data codes to print buffer 567. When printing is then 
executed by control means 568, control means 568 reads the print pattern from print 
buffer 567, and controls printer mechanism functional units 570 to print. 

The RS-232C two-way, serial interface is used as the interface in this 
embodiment because of its ability to maintain communications with the host 
computer even when the printing apparatus is off-line. With the standard RS-232C 
two-way, serial interface, the off-line status of off-Hne devices can be detected by 
other devices, but because several bytes of data may be loaded to the communication 
bus before data transmission can be stopped, it is necessary for the off-line device to 
receive this data even after it moves off-line. It is therefore necessary for the device to 
move off-line before the receiving buffer becomes full, thereby enabling data to be 
received and stored to the receiving buffer while the capacity remains even when an 
error occurs and the printing apparatus goes off-line. Data received after the 
receiving buffer becomes full, however, is thrown away. 

With the fourth embodiment of the invention, however, received commands 
are interpreted by real-time command interpreting means 564, which is activated by 
a receive interrupt, before being stored in the receiving buffer. As a result, the 
command can be processed even if the transmitted data is not stored. 

Real-time commands include commands requesting the status of the printing 
apparatus. When this printing apparatus status request is received, real-time 
command interpreting means 564 responds by sending the current printing 
apparatus status to host computer 561 through data transmission means 563. It 
remains possible to send the printing apparatus status even when an error occurs 
because data receiving means 562, data transmission means 563, and real-time 
command interpreting means 564 remain functional. 
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Ordinary POS and ECR systems include a cash drawer in which cash paid by 
customers and change is stored. In some apphcations of the printer of the 
embodiment, the cash drawer is placed under the printer. Thus, the printer is 
designed to connect to and drive the cash drawer in accordance with the command 
5 sent from a host device. The printer can also detect status of the cash drawer, 
namely open or closed state through peripheral device status detector 576. 

When the received command is determined by command interpreter 566 to be 
a cut-sheet form selection command, control means 568 is notified. Control means 
568 thus notifies display means 572 that a cut-sheet form was selected, displays a 

10 prompt that the printing apparatus is waiting for cut- sheet form insertion, and stores 
cut-sheet forms information in RAM 553 by means of cut-sheet forms status storage 
means 579 to indicate that a cut-sheet form was selected and that the cut-sheet form 
insertion wait-state was entered. When a cut-sheet form is selected, cut-sheet form 
detector 547 detects insertion of the cut-sheet form and notifies control means 568 

15 when the form is inserted. 

Control means 568 monitors the cut-sheet form wait-state information, and 
stops printing apparatus drive until either the cut-sheet form wait-state information 
is deleted or cut-sheet form insertion is detected. By control means 568 stopping 
printing apparatus operation, command interpreter 566 also stops without being 

20 able to activate control means 568, but real-time command interpreting means 564 
continues to operate irrespective of the cut-sheet form wait-state. 

Real-time commands include commands canceling the cut-sheet form 
wait-state. When this command is received, the cut-sheet form insertion wait-state 
information and cut-sheet form selection information stored to RAM 553 are deleted 

25 by real-time command interpreting means 564. When control means 568, which 
monitors the cut-sheet form insertion wait-state, recognizes that the cut-sheet form 
insertion wait-state information has been deleted, it cancels the cut-sheet form 
insertion wait-state, clears print buffer 567, and selects the default paper type. The 
cut-sheet form insertion wait-state can be canceled by a time-out, and control means 

30 568 thus controls timer 578. 

If a paper jam or other error occurs during printing, paper feeding, or paper 
cutting, an error is detected by error detector 571, control means 568 is notified, and 
the error information is stored to status memory 577. Control means 568 notifies 
display means 572 that an error has occurred, an error notice is displayed, and the 

35 error occurrence is stored as error information to RAM 553 by error status storage 
means 569. 

Control means 568 monitors the error information, and stops operation of the 
printing apparatus until the error information is cleared. By control means 568 
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stopping printing apparatus operation, command interpreter 566 also stops without 
being able to activate control means 568, but real-time command interpreting means 
564, which is activated by a receive interrupt from interface 551, continues to operate 
irrespective of the error. Because command interpreter 566 is stopped, however, the 
5 data received by interface 551 is simply stored to receiving buffer 565, and control 
means 568 therefore controls the interface to notify the host computer that the 
printing apparatus cannot accept anymore information (i.e., notifies the host 
computer that the printing apparatus is now off-line). 

The real-time commands also include a 'recover from error' command. When 

10 this command is received, real-time command interpreting means 564 deletes the 
error information stored to RAM 553. When control means 568, which monitors this 
error status information, recognizes that the error information was deleted, it 
reactivates the printing apparatus to resume printing. 

Another 'recover from error' command is a command to resume printing after 

15 deleting all previously received data. When this command is received, receiving 
buffer 565 and print buffer 567 are cleared by real-time command interpreting 
means 564, and the error information stored in RAM 553 is then deleted. 

The printing apparatus also goes off-line when a no-paper state is detected by 
cut-sheet form detector 547, when an open-cover state is detected by cover detector 

20 554, and when a manual form feed caused by the form feed switch is detected by 
switch detector 575. These states are stored to status memory 577, and the 
information is reported to host computer 561 by real-time command interpreting 
means 564. 

Fig. 16 shows the command code for real-time commands in the present 
25 embodiment. Referring to Fig. 16, received data [GS], [R], and [n] are each one byte 
long, expressed as ID, 552, and n in hexadecimal code. [GS] and [R] indicate a 
real-time command; what is executed is selected according to the value of [n]. 

The values of [n] and what is executed for each [n] value in this embodiment 
are shown in Table 1. 

30 



PatApplAF 

Customer No. 20178 



28 



Express Mail Label No. EL414261832US 

Rev. 11/97 



P2662.I 



Table 1 



n 


What is executed 


0 


Send printer status. 


1 


Send the cause of the off-Une state. 


2 


Send the cause of the error. 


3 


Send the status of the continuous forms detector. 


4 


Send the status of the shp paper detector and shp paper. 


5 


Send the status of the validation paper detector and 
vahdation paper. 


6 


Cancel cut-sheet form insertion wait-state. 


7 


Recover from error (resume printing). 


8 


Recover from error (clear buffers). 



When [n] - 0, the printing apparatus status byte (one byte) shown in Table 2 is 
sent to the host computer. 

5 

Table 2 n = 0: printer status 



B 

it 


Function 


Value 


0 


1 


0 


Reserved 


Fixed to 0 


1 


Reserved 


Fixed to 1 


2 


Drawer kick 
connector 


0 


1 


3 


On-line/off-line status 


on-line 


off-line 


4 


Reserved 


Fixed to 1 


5 


Undefined 






6 


Undefined 






7 


Reserved 


Fixed to 0 



The drawer status, and printing apparatus on-line/off-line status can be 
determined by the host computer based on the printing apparatus status information. 
10 When the printing apparatus is off-line, more specific off-line information can be 
obtained by setting [n] to 1. 

When [n] - 1, the off-line information byte (one byte) shown in Table 3 is sent 
to the host computer. 
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Table 3 n = 1: off-line cause status 



B 

it 


Function 


Value 






0 


1 


0 


Reserved 


Fixed to 0 


1 


Reserved 


Fixed to 1 


2 


Cover status 


Closed 


Open 


3 


Form feed by form feed 
switch 


Form feed 
not in progress 


Form feed in 
progress 


4 


Reserved 


Fixed to 1 


5 


No paper: printing 
stopped 


Printing not 
stopped 


Printing 
stopped 


6 


Error status 


No error 


Error 
generated 


7 


Reserved 


Fixed to 0 



The host computer can thus evaluate the off-line information, and can post 
prompts or other appropriate information to the user based on the evaluation result. 
If an error is determined to have occurred, detailed error information can be obtained 
by resetting [n] to 2. 

When [n] = 2, the error information byte (one byte) shown in Table 4 is sent to 

the host computer. 
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Table 4 n = 2: error cause status 



B 



it 



0 



6 



Function 



Reserved 



Reserved 



Mechanical error 



Automatic paper cutter 
error 



Reserved 



Non-recoverable error 



Auto-recover error 



Reserved 



Value 



0 



Fixed to 0 



Fixed to 1 



No error 



No error 



Error 
generated 



Error 
generated 



Fixed to 1 



No error 



No error 



Error 
generated 



Error 
generated 



Fixed to 0 



The mechanical errors shown in Table 4 refer primarily to errors due to a paper 
jam, but also include carriage errors and home position errors. These are further 

5 distinguished as paper jams around the printer head, and automatic paper cutter 
errors, thereby enabling the host computer to distinguish between paper jams 
occurring around the printer head, and in the automatic paper cutter. Based on this 
determination, the user is appropriately notified using the display means of the host 
computer where the error occurred, thus facilitating removal of the paper jam. 

10 Printing can be resumed when paper jam errors and similar errors occur by 

removing the paper jam or other error cause. Errors can also occur as a result of 
external power supply problems, damage to the printer head temperature detector, 
and other causes making resumption of printing difficult, and it is necessary to 
distinguish these non-recoverable errors from recoverable errors (from which 

15 printing can be resumed). Errors other than paper jam errors are therefore identified 
as non-recoverable errors by setting bit 5. 

When [n] = 3, the continuous paper (incl. journal and receipt paper) detector 
information byte (one byte) shown in Table 5 is sent to the host computer. 
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Table 5 n - 3: continuous paper detector status 



B 

it 


Function 


Value 


0 


1 


0 


Reserved 


Fixed to 0 


1 


Reserved 


Fixed to 1 


2 


Journal near-end 
detector 


Paper 
loaded 


No paper 


3 


Receipt near-end 
detector 


Paper 
loaded 


No paper 


4 


Reserved 


Fixed to 1 


5 


Journal end detector 


Paper 
loaded 


No paper 


6 


Receipt end detector 


Paper 
loaded 


No paper 


7 


Reserved 


Fixed to 0 



When [n] = 4, the slip paper detector information byte (one byte) shown in 
Table 6 is sent to the host computer. 



Table 6 n = 4: slip status 



B 

it 


Function 


Value 


0 


1 


0 


Reserved 


Fixed to 0 


1 


Reserved 


Fixed to 1 


2 


Slip paper selection 


Selected 


Not selected 


3 


Slip paper insertion 
wait-state 


Waiting 


Not waiting 


4 


Reserved 


Fixed to 1 


5 


Slip paper detector 


Paper 
loaded 


No paper 


6 


7 


Reserved 


Fixed to 0 



It is possible to determine from this slip status byte shown in Table 6 whether 
slip paper is selected or whether continuous or validation paper is selected. It is also 
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possible to determine when slip paper is selected whether the printing apparatus is 
waiting for slip paper insertion, or whether the paper has already been loaded and 
printing can proceed. 

When [n] = 5, the validation paper detector information byte (one byte) shown 
5 in Table 7 is sent to the host computer. 



Table 7 n = 5: validation status 



B 

it 


Function 


Value 


0 


1 


n 
u 


Reserved 


Fixed to 0 


1 


Reserved 


Fixed to 1 


2 


Validation paper 
selection 


Selected 


Not selected 


3 


Validation paper 
insertion wait-state 


Waiting 


Not waiting 


4 


Reserved 


Fixed to 1 


5 


Validation paper 
detector 


Paper 
loaded 


No paper 


6 


7 


Reserved 


Fixed to 0 



It is possible to determine from this validation status byte shown in Table 7 
10 whether validation paper is selected or whether continuous or slip paper is selected. 
It is also possible to determine when validation paper is selected whether the 
printing apparatus is waiting for validation paper insertion, or whether the paper 
has already been loaded and printing can proceed. 

The real-time command data receiving means and real-time command 
15 interpreting means are described below with reference to Figs. 7 and 8. 

Fig. 17 shows the printing apparatus initialization process, which starts 
immediately after the power is turned on (step 5120). During this initialization, the 
printing mechanism is initialized (step 5121), and all information in RAM 553 is 
initialized, including the cut-sheet form status flag, error information, clear-buffer 
20 flag, GS flag, and GSR flag (step 5122). The clear-buffer flag, GS flag, and GSR flag 
are used in the receive interrupt process, and are used by the real-time command 
interpreting means. The real-time command interpreting means is included in the 
receive interrupt process caused by the data transfer requirement of the host device. 



PatApplAF 
Customer No. 20178 



33 



Express Mail Label No. EL414261832US 

Rev. 11/97 



P2662.I 

The clear buffers flag is set by the real-time command interpreting means and 
checked by the received data cancellation means. The other flags, namely the GS 
and GSR flags, are used only in the interrupt process to change the operation state of 
the real-time command interpreting means. Since real-time commands are 
5 composed of 3 bytes and the receive interrupt process is caused by each byte reception, 
the real-time interpreting means must change its state in accordance with the 
received data. In the final step 5124, interface receive interrupts are enabled, and 
the initiaUzation process is ended (step 5124). 

Fig. 18 shows the interface receives interrupt process, as well as the data 
10 receiving means and the real-time command interpreting means. The data received 
from the host computer through the interface is received one byte at a time, and the 
process shown in Fig. 18 is executed for every byte received. Because the real-time 
commands comprise three bytes, [GS], [R], and [n], as shown in Fig. 16, the real-time 
command is controlled by the GS flag, which is set when the [GS] byte is received; the 
15 GSR flag, which is set when the [R] byte is received when the GS flag is set; and the 
[n] byte received when the GSR flag is set. There is also a clear-buffer flag, which 
stores whether the buffer is cleared according to the value of [n]. 

Data is received and the receive interrupt is activated at step 5125. At step 
5126, the received data is read from the interface, and at step 5127 it is determined 
20 whether the GSR flag is set. If the GSR flag is set, i.e., if the [GS] and [R] bytes have 
already been received, the received data ("C" in this example) is processed with the 
value of [n]. The GSR flag is cleared at step 5136, and the following operation is 
executed based on the value of the received data (C) (step 5137). 

If C = 0, the printer information stored in RAM 553 is sent through the 
25 interface to the host computer by data transmission means 563 (step 5138). 

If C = 1, the off-line information stored in RAM 553 is sent through the 
interface to the host computer by data transmission means 563 (step 5139). 

If C = 2, the error information stored in RAM 553 is sent through the interface 
to the host computer by data transmission means 563 (step 5140). 
30 If C 3, the continuous paper information stored in RAM 553 is sent through 

the interface to the host computer by data transmission means 563 (step 5141). 

If C - 4, the slip information stored in RAM 553 is sent through the interface to 
the host computer by data transmission means 563 (step 5142), 

If C = 5, the validation information stored in RAM 553 is sent through the 
35 interface to the host computer by data transmission means 563 (step 5143). 

If C = 6, it is determined whether the cut-sheet form insertion wait-state is set 
(step 5144), and if so, the cut-sheet form wait flag is cleared (step 5145). As shown in 
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Fig. 19, the system can recover from the cut-sheet form insertion wait-state by 
clearing the cut-sheet form wait flag. 

If C = 8, the clear-buffer flag is set (step 5146), and the error information in 
RAM 553 is cleared (step 5147). When the clear-buffer flag is cleared, the receiving 
5 buffer and print buffer are both cleared as shown in Fig. 20 after error recovery. If C 
= 7, the error information is simply cleared (step 5147). 

The received data is also temporarily stored in the receiving buffer even if the 
data is a real-time command (step 5132). 

If the GSR flag is cleared in step 5127, it is determined in step 5128 whether 
10 the GS flag is set. Specifically, if the data has been received through the [GS] byte, 
the GS flag is set; the GS flag is therefore cleared in step 5129, and it is determined 
whether the received data (C) is the [R] byte (step 5129), When the data received 
immediately before this data is [GS] byte, the [GS] flag has been set in step 5135 in 
the previous receive interrupt process. In other words, the [GS] flag indicates that 
15 the data received immediately before this data is [GS] byte. If C = [R], the GSR flag 
is set (step 5131), and the received data is stored to the receiving buffer (step 5132). 

If the GS flag is cleared in step 5128, it is determined in step 5134 whether the 
received data (C) is the [GS] code. If C = [GS], the GS flag is set; if not, the data is 
stored directly to the receiving buffer (step 5132), and the receive interrupt process is 
20 ended (step 5133), 

The operation of the control means for setting cut-sheet forms is described next 
with reference to Fig. 19. Shown in Fig. 19 are the process from selection of cut-sheet 
form printing to loading the paper, and the process for canceling the cut-sheet form 
print mode selection. 

25 This process starts (step 5151) when command interpreter 566 determines 

that the input command is the cut-sheet form selection command, thus causing 
command interpreter 566 to set the cut-sheet form selection flag, and the cut-sheet 
form insertion wait flag (step 5152). After confirming that mechanical operations are 
stopped (step 5153), cut-sheet form insertion wait timer 578 is activated, and display 

30 device 548 is set flashing by display means 572 (step 5155). In step 5156 it is 
determined whether the cut-sheet form insertion wait flag is cleared; if so, i.e., if the 
cut-sheet form insertion wait-state is canceled by real-time command [GS] [R] [6], the 
cut-sheet form insertion wait timer 578 is stopped (step 5157), and display device 548 
is turned off by display means 572 (step 5158). The cut-sheet form selection flag and 

35 cut-sheet form insertion wait flag are then cleared (step 5159), the paper 
corresponding to the default paper type setting is set (step 5160), and the cut-sheet 
form selection process is ended (step 5161). 
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If the cut-sheet form insertion wait flag is not cleared in step 5156, it is 
determined if the cut-sheet form insertion wait period has passed (step 5162); if the 
cut-sheet form insertion wait period has passed, the procedure skips forward to step 
5158. 

5 If the cut-sheet form insertion wait period has not passed in step 5162, it is 

determined in step 5163 whether the cut-sheet form is inserted. If the cut-sheet form 
is not inserted, the procedure loops back to step 5156 to determine again whether the 
cut-sheet form insertion wait flag is cleared. The procedure then determines again 
whether the cut-sheet form insertion wait flag is cleared, whether the cut-sheet form 

10 insertion wait period has passed, and whether the cut-sheet form is inserted. 

If it is determined in step 5163 that the cut-sheet form was inserted, the 
cut-sheet form insertion wait timer 578 is stopped (step 5164), display device 548 is 
turned on (step 5165), and the start-operation standby period is waited (step 5166). 
If it is determined in step 5167 that the cut-sheet form is not inserted, the procedure 

15 loops back to step 5154, and the above operation is repeated. 

If it is determined in step 5167 that the cut-sheet form is loaded, the cut-sheet 
form insertion wait flag is cleared (step 5168), the cut-sheet form is set to the correct 
position (step 5169), and the cut-sheet form selection process ends (step 5161). 

As described hereinabove, by providing a data receive means and a real-time 

20 command interpreting means in the receive interrupt process, it is possible to 
interpret commands and cancel the cut-sheet form wait-state even when the printing 
apparatus is stopped due to a cut-sheet form insertion wait-state. 

A means of detecting carriage errors is described below as an embodiment of 
the invention for detecting errors with reference to Fig. 20. 

25 The process is started in step 5101 by the print command, and the printing 

apparatus is initialized for one line in step 5102. The line is then printed from steps 
5103 to 5105. In step 5103, one dot row is printed and the printer carriage is 
advanced one dot row. In step 5104, it is determined whether a detector pulse was 
output from carriage detector 535 due to carriage movement; the detector pulse is 

30 usually output on a regular cycle if the carriage advances normally. In step 5105, it 
is determined whether printing the one line is completed; if not, the procedure loops 
back to step 5103. If the one row is completed, the procedure then ends at step 5106. 

If the carriage is stopped at this time due to, for example, a paper jam, the 
detector pulse is not detected at step 5104, and the procedure branches to step 5107. 

35 The procedure from step 5107 is the process executed when a carriage error occurs, 
and the first step (step 5107) is to notify the host computer that the printing 
apparatus cannot receive further communication data, i.e., that it is off-line. That a 
carriage error has occurred is then stored to RAM 553 in step 5108. Because a 
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carriage error is a recoverable error, the error is stored as a recoverable error. The 
printer mechanism is also stopped in step 5109. 

That an error occurred is then displayed (step 5110) by the error display device 
until it is determined in step 5111 that the error information has been deleted. If a 
5 real-time command is received, the error information is deleted, and it is determined 
in step 5112 whether the received command indicates a clear buffer operation. If a 
clear buffer command has been received, the buffer is cleared in step 5113; the 
buffers cleared at this time are both the receiving buffer and print buffer. According 
to Fig. 18, one of the real-time commands whose code is described as [GS [R] [7] 
10 causes the error state flag resetting means to clear the error information without 
clearing buffers, and another real-time command of [GS] [R] [8] causes the error state 
flag resetting means to do the same thing and the received data cancellation means 
to clear buffers. 

A printer mechanism reset operation is then executed in step 5114, and the 
15 host computer is notified in step 5115 that the printing apparatus can again receive 
data, i.e., is again on-line. 

By thus including a data receive means and real-time command interpreting 
means within the receive interrupt process, it is possible to continue interpreting 
commands when the printing apparatus stops due to an error, and recovery from 
20 errors is therefore also possible. 

Control of the printing apparatus as seen from the host computer is described 

next. 

Fig. 21 is a conceptual diagram of the data processing apparatus of the 
invention in which printing apparatus 5300 is connected with host computer 561 by 

25 means of an RS-232C communication cable 5301. Host computer 561 comprises an 
internal communication means 5304 and an RS-232C interface control circuit. A 
CRT or other display device 5302, and keyboard or other input device 5303 are also 
connected to host computer 561. 

Fig. 22 is a flow chart of the control process of the host computer allowing 

30 cancellation of the cut-sheet form wait-state. Printing to slip paper is used as an 
example of cut-sheet form printing in Fig. 22. 

When slip paper printing is selected (step 5250), the slip paper selection 
command is output (step 5251). Real-time command [GS] [R] [4] is then sent to 
determine the slip paper status (step 5252), and the corresponding response is 

35 received (step 5253). This response contains the information shown in Table 6. 
Based on this information, the host computer determines whether slip paper was 
selected (step 5254). 
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If slip paper was selected, it is determined based on the information from step 
5253 whether the printing apparatus is waiting for slip paper insertion (step 5255). 
If it is not waiting, it is first determined whether the slip paper is loaded (step 5256); 
if so, the print data is output (step 5257), and slip paper printing is completed (step 
5 5258). 

If step 5255 returns that the printing apparatus is waiting slip paper insertion, 
the host computer monitors a specific key in input device 5303, e.g., a "cancel slip 
paper" key, and determines whether this key is pressed (step 5259). This key is 
specifically assigned the "cancel slip paper wait-state" function, and is operated by 
10 the user. 

If the key is pressed, the "cancel slip paper wait-state" command [GS] [R] [6] 
can be output to cancel the slip paper wait-state (step 5260), 

It is also possible to terminate slip paper printing (step 5259) by monitoring 
this key when slip paper is not selected (step 5254) and when there is no paper (step 

15 5256). In these cases, sending the "cancel slip paper wait-state" command [GS] [R] [6] 
(step 5260) will be ignored because the printing apparatus is not in the cut-sheet 
form insertion wait-state. If the key is not pressed, the process loops back to step 
5252, and the host computer waits for slip paper selection (step 5254) or until the sHp 
paper is loaded (step 5256), In step 5254, the host system confirms that the slip 

20 mode is selected after sending the slip selection command in step 5251, because the 
command may be stored in the command buffer and may not have been executed yet. 
Even if the slip mode has not been selected, the slip printing can be canceled by 
sending GS R 6 command to the printer of the embodiment. In that case, the printer 
will delete the slip selection command in the command buffer. In step 5256, print 

25 paper presence is checked only for confirmation. Usually, print paper absence can 
hardly be detected in step 5256 because the slip wait-state has been judged as false in 
step 5255 indicating that the print paper has once been detected before the step. The 
slip absence condition can occur if the sHp paper is pulled out after being inserted 
once. 

30 Fig, 23 is a flow chart of the printing process in the host computer allowing for 

error recovery. 

After printing starts (step 5200), the host computer checks whether the 
printing apparatus is still on-line (step 5202) after each line of print data is sent to 
the printing apparatus (step 5201). In general, it is possible to determine with the 
35 RS-232C interface whether the receiving side (the printing apparatus in this case) is 
on-line from the CTS (Clear To Send) signal, the DSR (Data Set Ready) signal, or the 
XOFF code. If the printing apparatus is on-line, the host computer continues to send 
the print data. If there is no more print data (step 5203), printing ends (step 5204). 
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If in step 5202 the printing apparatus is off-line, it is possible that an error has 
occurred in the printing apparatus, or that printing has been disabled by some other 
factor (e.g., there is no more printing paper). To determine whether an error has 
occurred, the host computer sends real-time command [GS] [R] [2] in step 5205. The 
5 response to this command is received in step 5206, and used to determine (in step 
5207) whether an error occurred. 

If an error did not occur, the printing apparatus may be off-line for some 
reason other than an error; this reason is therefore investigated (step 5208), and the 
appropriate action is taken (step 5209). To determine this reason, the host computer 
10 outputs real-time command [GS] [R] [1], and receives in response information that, 
for example, the cover is open or that there is no paper. The host computer can then 
display a user prompt such as "please close the cover" or "please add paper" on 
display device 5302 to aid the user in correcting the problem. 

This sequence is repeated until the printing apparatus comes on-line again 
15 (step 5210), at which point printing is resumed from step 5201. 

If step 5207 determines that an error has occurred, it is determined whether 
the error is recoverable (step 5211); this determination is based on the bit 5 value 
shown in Table 4. If the error is recoverable, the user is notified that an error has 
occurred, and can be requested to check the expected cause of the error, e.g., a paper 
20 jam. The location of the paper jam can also be reported to the user as being in the 
carriage or the automatic paper cutter based on the state of bits 2 and 3 in Table 4. 
After the user corrects the paper jam, the user confirms that the cause of the error 
has been corrected using input device 5303 (e.g., a keyboard) of the host computer 
(step 5213). Real-time command [GS] [R] [6] or [7] is then output to reset the 
25 printing apparatus from the error. Because it is possible that the user has not 
completely corrected the cause of the error, or that plural errors occurred 
simultaneously, the process after error recovery will preferably resume from step 
5205 to check again for errors. 

If step 5211 determines that the error is non-recoverable, there is a problem in 
30 the printing apparatus that may not be correctable by the user. In this case, the user 
is informed that there is a problem in the printing apparatus (step 5215), and 
printing is stopped (step 5216). 

In a data processing apparatus such as POS and ECR terminals where 
monetary transactions are handled, data loss and duplication are impermissible. 
35 When an error occurs in the printing apparatus, it is important to recover from the 
error without destroying the data already received, and to resume printing. However, 
to maintain compatibility with data processing apparatuses using conventional 
printing apparatuses, a mode for recovering after deleting the already received data 
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is also enabled, and this mode can be selected by a control command from the host 
computer. More specifically, in data processing apparatuses using conventional 
printing apparatuses, the data already received is always destroyed after the 
printing apparatus recovers from the error. When the same data is printed after error 
recovery as before the error occurred, a special character is printed at the beginning 
of the line to indicate that the data in that hne has been printed twice. A mode for 
error recovery after destroying the data already received is therefore necessary to 
maintain compatibility with this operation. 

By means of the invention thus described, the host computer can determine 
why the printing apparatus has gone off-line while the printing apparatus is off-line. 

Furthermore, by providing a data receiving means and real-time command 
interpreting means in the receive interrupt process, commands can be interpreted 
and recovery fi:om a cut-sheet form insertion wait-state is possible even during the 
cut-sheet form insertion wait-state. 

In addition, when the cause of the off-Une status is an error, the host computer 
can determine whether the error is recoverable; if it is recoverable, the user can be 
notified where the error occurred, and printing can be resumed without destroying 
the data already received once the cause of the error is corrected. 

When recovering from an error, it is also possible to choose to resume printing 
after destroying the data ah-eady transmitted to the printing apparatus, or to resume 
printing from the line at which the error occurred. 

As a result, it is possible to provide a printing apparatus featuring high 
rehability and a high throughput rate; to provide a user-fi:iendly printing apparatus 
reducing the host computer overhead; and to provide a data processing apparatus 
using said printing apparatuses for use as a printing apparatus used in monetary 
transactions in the distribution industry. 

Fifth embodiment 

A fifth embodiment of the invention is described below with reference to the 
accompanying figures. 

Fig. 24 is a block diagram of the control circuit achieving the fourth 
embodiment of the invention. 

Connected to CPU 5550, which controls the entire printing apparatus, are 
cover sensor 5547 for detecting whether the cover is open; panel switch 5549 for 
manual paper feed control; an interface 5551 to the host computer 5561; non volatile 
memory, such as read only memory or ROM 5552 for storing the control program 
552a, printer character patterns, and other data; and memory, such as random 
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access memory or RAM 5553 comprising the receive buffer 5564 and print buffer 

5566 shown in Fig. 25. 

The print data input through interface 5551 is stored to the receive buffer 5564 
of RAM 5553. CPU 5550 then interprets this data, reads the character pattern 
corresponding to the data code from ROM 5552, and controls printer mechanism 
control circuit 5543 to accomplish the printing process. More specifically, CPU 5550 
controls the ink jet head or other print head 5540, and motor group 5541 for driving 
print head 5540 and the recording medium; and drives plungers 5542 to hold 
cut-sheet forms or switches the recording medium transport path as necessary when 
the printing apparatus is designed to print to plural media by means of printer 
mechanism control circuit 5543 to print. 

Pulse generation control commands for requesting supply of a control or drive 
pulse to the cash drawer or other external device connected to the printing apparatus 
are input through interface 5551. The input pulse generation control command is 
interpreted by CPU 5550, which outputs a pulse from port 5556 or port 5557 through 
drawer drive circuit 5555. The determination of which port to be used for pulse 
output is specified using a parameter of the pulse generation control command as will 
be described below. 

An example of a real-time command code executed immediately after being 
received is shown in Fig. 28. Each of the command code components DLE, DC4, and 
the values n, m, and t in Fig. 28 is one byte expressed in hexadecimal code as lOh, 
14h, and the hexadecimal value corresponding to n, m, and t. 

DLE and DC4 identify a real-time command, and select the content (operation) 
to be executed based on the value of n. When n = 1, the command is interpreted as a 
real-time output command, and the above process is immediately executed. 
Parameter m defines the port number of the pulse output port; t defines the pulse 
output time. 

Fig. 25 is a functional block diagram of the overall configuration of the fifth 
embodiment of the present invention, and shows the relationship between the 
various function means. Host computer 5561 transfers the command data and print 
data to the printing apparatus. Data receiving means 5562 receives the data code 
from host computer 5561 through the interface, and is achieved in the fifth 
embodiment by means of an interrupt process started by interface 5551. The 
received data are interpreted immediately upon being received by real-time 
command interpreting means 5563, implemented as part of the interrupt process for 
data receiving means 5562. 

Real-time command interpreting means 5563 determines whether the 
received data is a real-time control command, and causes the specified process to be 
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executed according to the command specification if it is a real-time control command. 
All data received through real-time command interpreting means 5563 is stored 
temporarily to receive buffer 5564. Command interpreting means 5565 reads the 
received data in a first-in -first-out sequence in single data units, e.g., one byte at a 
5 time, interprets the data code, and discriminates the print data from the command 
data used to set various printing apparatus control parameters. 

The interpretation of the data stored in receive buffer 5564 by command 
interpreting means 5565 is executed in response to a request from control means 
5569. When the printing apparatus is in an idle state, for example, after a printing 

10 job is completed, control means 5569 repeats checking whether receive buffer 5564 is 
empty in a normal idling routine. And, if there is data in receive buffer 5564, control 
means 5569 causes command interpreting means 5565 to perform the command 
interpretation as described above. 

It should be noted that while the data from data receiving means 5562 in the 

15 present embodiment is stored to receive buffer 5564 through a real-time command 
interpreting means, the present invention shall not be so limited. It is also possible, 
for example, to store the data from data receiving means 5562 to receive buffer 5564 
while also passing the data to real-time command interpreting means 5563 in 
parallel. 

20 Command data is processed by control means 5569. More specifically, 

particular settings are made according to the command data, or particular operations 
are performed. If the received data is print data, the character pattern is stored to 
print buffer 5566 according to the data code. When printing is executed by control 
means 5569, the print pattern is read from print buffer 5566 to control printing 

25 apparatus function block 570 and print. 

As shown in Fig. 24, printing apparatus function block 5570 comprises 
primarily printer mechanism control circuit 5543, print head 5540, motor group 5551, 
and plunger group 5542. 

When real-time command interpreting means 5563 determines that the 

30 received data is a real-time pulse output command, the information indicating that a 
pulse output request was received is stored to output request storage means 5567, 
which is implemented as a portion of RAM 5553. This can be accomplished, for 
example, by setting a particular flag. The pulse output time is also stored as 
information in pulse output time storage means 5568, and is supplied to control 

35 means 5569. The output port number, another parameter of the command, may be 
separately stored in another storage means provided in RAM 553 or a respective 
request flag is provided for each port number. 
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Control means 5569 monitors the real-time pulse output request information 
by polling output request storage means 5567. When a real-time pulse output request 
is detected, control means 5569 outputs a pulse according to the information in the 
storage means to the specified port by means of pulse generator 5571, 
5 When the cover is open or paper is being fed using the paper transport switch, 

control means 5569 enters an off-line state as described above. More specifically, 
reading and executing commands from receive buffer 5564 stops to assure operator 
safety when the printing apparatus cover is open to, for example, supply the paper. 
Because receive buffer 5564 may overflow if data continue to be stored to receive 
10 buffer 5564 in this state, the printing apparatus notifies the host device that data 
sent thereafter are not guaranteed to be received. This state is called the "off-hne" 
state. 

When control means 5569 is in the off-line state, control means 5569 only 
monitors data input from data receiving means 5562, and cannot activate command 

15 interpreting means 5565. Real-time command interpreting means 5563 continues to 
operate irrespective of the off-line status while control means 5569 monitors data 
input. The present embodiment is also constructed to output the current pulse 
driving a solenoid built into the cash drawer. Pulse generator 5571 and printing 
apparatus function block 5570 also share the same power supply. If the power supply 

20 does not have sufficient capacity to simultaneously drive both pulse generator 5571 
or the solenoid and printing apparatus function block 5570, control means 5569 may 
only be able to drive one of the devices during printing or pulse generation. 

Figs, 26 and 27 are flow charts of the preferred printing apparatus control 
method according to the present invention. Fig. 26 shows the sequence of the receive 

25 interrupt process of the interface, and thus shows the data receiving means 562 and 
real-time command interpreting means 5563. Data received from the host computer 
through interface 5551 is received in data units of a particular size, which is defined 
as one byte by way of example only in the present embodiment, and the process 
shown in Fig. 26 is therefore executed each time one data byte is received. The 

30 real-time command contains five bytes (DLE, DC4, n, m, and t) as shown in Fig. 28, 
and is therefore analyzed using a data counter RTC indicating which data byte was 
received. 

RTC is cleared to zero before data receiving means 5562 starts receiving the 
data from the host device in, for example, a power-on initiahzation procedure of the 
35 printing apparatus. 

A memory area for storing the port number of the pulse output port defined by 
parameter m, and a memory area (5568) for storing the pulse output time defined by 
parameter t, are also provided. 
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When the process starts at step 430, data is received and a receiving interrupt 
is started. 

The received data is read through the interface at step 431, and it is 
determined whether the RTC counter is set to 4 in step 432. If the RTC counter is set 
5 to 4, i.e., if DLE, DC4, 1, and m have been received, the received data ("C" in this 
example) is processed as parameter t. The RTC counter is then cleared in step 433. 

If the value of the received data (C) is from 1 to 8 (step 434), the pulse output 
time is stored to a specific address in RAM 5553 in step 435. Note that all received 
data is initially stored to the receive buffer, even real-time commands (step 451), 

10 If the value of the received data (C) is outside the range from 1 to 8 (step 434), 

the counter remains cleared and the data is stored to receive buffer 5564 (step 451). 
Such values are illegal parameters and therefore prohibit the complete command 
from being processed. The data is nevertheless stored to receive buffer 5564 because 
it may be part of the print data. 

15 If the RTC counter does not equal 4 in step 432, it is determined whether the 

RTC counter equals 3 in step 437. More specifically, the RTC counter is set to 3 if 
DLE, DC4, and 1 have been received. The RTC counter is therefore cleared in step 
437, and it is determined whether the received data (C) is 0 or 1 (step 438). If C is 0 
or 1, the RTC counter is set to 4 (step 439), and the pulse output port number 

20 corresponding to the value of C is stored to RAM 5553 (step 440). The received data is 
also stored to the receive buffer (step 451). If the value of the received data (C) is not 
0 or 1 (step 438), the counter remains cleared and the data is stored to the receive 
buffer (step 451) for the same reason described above. 

If the RTC counter does not equal 3 in step 436, it is determined whether the 

25 RTC counter equals 2 in step 441. More specifically, the RTC counter is set to 2 if 
DLE and DC4 have been received. The RTC counter is therefore cleared in step 442, 
and it is determined whether the received data (C) is 1 (step 443). If C is 1, the RTC 
counter is set to 3 (step 444), and the received data is stored to the receive buffer (step 
451). 

30 If the value of the received data (C) is other than 1 (step 443), the counter 

remains cleared and the data is stored to the receive buffer (step 451). 

Note that parameter n is used to identify the real-time command operation. 
WTien n " 1, pulse generation processing is accomplished. When n does not equal 1, 
i.e., is a value other than 1, a different real-time process may be executed. Because 
35 other real-time processes are not defined in the present embodiment, such real-time 
processing does not occur. 

If the RTC counter does not equal 2 in step 441, it is determined whether the 
RTC counter equals 1 in step 445. More specifically, the RTC counter is set to 1 if 
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DLE has been received. The RTC counter is therefore cleared in step 446, and it is 
determined whether the received data (C) is DC4 (step 447). If C is DC4, the RTC 
counter is set to 2 (step 448), and the received data is stored to the receive buffer (step 
451). 

5 If the value of the received data (C) is other than 14h (step 447), the counter 

remains cleared and the data is stored to the receive buffer (step 451). 

If the RTC counter does not equal 1 in step 445, it is determined whether the 
received data (C) is the DLE code (step 449). 

If C is DLE, the RTC counter is set to 1 (step 450); if not, the received data is 
10 stored to the receive buffer (step 451) and the receive interrupt process is terminated 
(step 452). 

If in step 449 the value of C is other than DLE (lOh), the counter remains 
cleared and the data is written to the receive buffer (step 451). 

The pulse output control means is described next with reference to the flow 

15 chart in Fig. 27. 

Control means 5569 monitors real-time pulse output request represented by 
the output request flag stored in output request storage 5567, and reads the pulse 
ON time from the pulse output time storage means 5568 (step 401) when a real-time 
pulse output request is detected (step 400 returns YES). 

20 The pulse output port number is read from the output request storage means 

5567 (step 402), and the pulse is output (step 403 or step 404). 

A timer counting the ON time is activated (step 405), the process waits for the 
ON time period (step 406), pulse output to the port is then stopped (step 407), the 
OFF time counter is started (step 408), and the process waits for the OFF time (step 

25 409). When the OFF time has passed, the output request flag for the port for which 
an output request was issued is cleared (step 410), and the process loops back to step 
400 to determine whether the next output request was received. If there is no output 
request, the process continues to look for the next output request. 

It should be noted that the OFF time in the present embodiment is set to the 

30 same time as the ON time specified by command. It is also possible, however, to set 
the OFF time by means of a command parameter using a process similar to that 
described above. Note that the OFF time is set and pulse output requests are 
effectively prohibited during this OFF time period to limit the drive duty of the 
control object. More specifically, if an OFF time is not defined and commands are 

35 transferred continuously, the ON state duty of the control pulse may be excessively 
large. 

The pulse output process shown in Fig. 27 in the present embodiment is 
executed during the standby loop of the printing apparatus control program executed 
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by CPU 5550. This loop is therefore not executed during the printing process, and the 
pulse output process is therefore not executed. In this case, the pulse output process 
is executed when one printing process is completed and the control program returns 
to the standby loop to start the next process. 
5 However, if it is necessary to execute the pulse output process irrespective of 

the printing process, the process can be executed by means of an internal interrupt, 
timer interrupt, or other known interrupt process. 

If there is sufficient power supply capacity, the printing process and pulse 
output process can be executed in parallel. More specifically, the ON time standby 

10 period (step 406) and the OFF time standby period (step 409) in Fig. 27 can be used 
to easily achieve parallel printing and pulse output processes by means of 
time-shared printing control. Furthermore, the printing process functions can be 
handled by printer mechanism control circuit 5543 using a micro-controller, for 
example, and the pulse output process can be executed in parallel by CPU 5550. 

15 While the invention has been described in conjunction with several specific 

embodiments, it is evident to those skilled in the art that many further alternatives, 
modifications and variations will be apparent in light of the foregoing description. 
Thus, the invention described herein is intended to embrace all such alternatives, 
modifications, applications and variations as may fall within the spirit and scope of 

20 the appended claims. 
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